The objective of this work was to apply a multivariate index of vigor in soybean seeds to identify the differential effects of the genotypes x environments interaction on the quality of the seeds produced in the 2016/2017 harvest season. The experiment was conducted in a randomized block design, organized in the factorial scheme, with five seed production environments x 20 soybean genotypes, arranged in four replications. The seed production environments of Tenente Portela -RS and Santa Rosa -RS soybeans are characterized as the environments that express the highest magnitude for seed vigor index, however biometrically Sarandi -RS has been defined as the optimal environment for the production of high vigor seeds according to the tested genotypes. High seed vigor index were expressed for the genotypes TMG 7161 RR, AMS Tibagi RR, BMX Magna RR, Fepagro 37 RR and NA 5909 RG. The differential effects of the genotypes x production environments interaction of soybean seeds influenced by more than 68% the vigor index of the seeds produced.
Introduction
Soybean (Glycine max L.) is characterized as the most important crop for agribusiness. Brazil is the second largest producer in the world with approximately 113 million tons of grains harvested in an area of 35 million hectares. Soybean yield is determined by biotic and abiotic factors intrinsic to the growing environment, considering that seeds of high performance are defined as the main agricultural input (Szareski et al., 2018a; Carvalho et al., 2017a) . They provide support to stresses after sowing and determine high yields. In this sense, the production of high vigor seeds is determined by intrinsic genetic characteristics of the genotype used, edaphoclimatic conditions, sowing times, growing environments, genotypes x environments interaction, incidence of diseases and pests, nutritional management, time and practices of harvest and post-harvest (Marcos-Filho, 2015; Strobel et al., 2016; Carvalho et al., 2016) .
The seed production environment and the interaction between environments and genotypes can directly influence the quality of the seeds, because after the physiological maturity point (maximum dry matter accumulation, germination and vigor), the seeds are stored in the field of production until harvest point. If inappropriate conditions such as high temperature and precipitation occur the deterioration of the seeds will be accentuated (Vasconcelos et al., 2012; Kehl et al., 2016; Pelegrin et al., 2016; Szareski et al., 2017) . The methods of Genotype Main Effects and Genotype Environment Interaction (GGE) allows to identify and estimate the adaptability and stability of genotypes in relation to different growing environments, grouping the correlated environments to define macro environment, and also revealing genotypes of high performance for the trait of interest (Yan et al., 2016; Woyann et al., 2017; Szareski et al., 2018c) .
Seed vigor is characterized as the main physiological attribute desired by seed producers, and the knowledge of its importance has become widely spread (Koch et al., 2018) . Currently, there are questions about which test or methodology would be the most suitable for internal and external control of seed quality, since different or contradictory results are often evidenced according to the vigor test used.
In order to increase the efficiency of positioning genotypes among growing regions, and to identify the most favorable environments for achieving high performance seeds, it is essential that physiological tests present a unique tendency for vigor (Szareski et al., 2018b; Zanatta et al., 2018; Gabriel et al., 2018) . Therefore, a multitrait approach is attributed to a vigor multivariate index capable of generating estimates of adaptability, stability and positioning of soybean genotypes regarding environments for seed production. In this context, the objective of this work was to apply a multivariate index of vigor in soybean seeds to identify the differential effects of the genotypes x environments interaction on the quality of the seeds produced in the 2016/2017 harvest season.
Material and Methods
The experiment was conducted in the 2016/2017 agricultural year, in randomized blocks design, arranged in a factorial scheme, being: five seed production environments (Santa Rosa -RS, Tenente Portela -RS, Campos Borges -RS, Figure 1 ).
The seed production field was established in a standard way for all environments. Seeds were sown in the second half of october 2016. The experimental units were composed by five sowing rows spaced 0.50 m, with five meters length. The population density was 24 seeds per square meter and the nutritional management was composed of 300 kg. ha -1 of N-P 2 O 5 -K 2 O in the formula 02-20-30, which was applied at sowing base. Weed, insect-pest and disease management were carried out preventively for all tested environments and genotypes. Soybean seed vigor multivariate index Figure 1 . Meteorological data about the maximum and minimum temperature (T 0 C), relative humidity (%), solar radiation incidence (cal. cm -1 ), and monthly precipitation (mm) during the soybean production cycle.
For measuring the traits of interest, the plants contained in three meters of the three central lines corresponding to the useful area of the experimental unit were used. The seeds were harvested manually when they had 16% water content and were subsequently dried to 12%, in a standard way for all genotypes and environments.
The seeds were submitted to threshing, cleaning and directed to the Didactic Laboratory of Seed Analysis of the Universidade Federal de Pelotas for evaluation of physiological attributes.
Percentage of germinated seeds (PG) was determined from eight subsamples of 50 seeds from each field experimental unit, being them arranged to germinate on germitest paper moisturized 2.5 times the mass of the dry substrate. The rolls were conditioned in Biochemical Oxigen Demand (BOD) chamber at constant temperature of 25 °C, and the measurement was performed eight days after the start of the test, with results expressed as percentage of normal seedlings (Brasil, 2009 present on the fifth day after sowing (Brasil, 2009 ). Length of aerial part (LA) and radicle (LR) were measured according to procedure described by Nakagawa (1999) , obtained from the sowing of 20 seeds arranged in a straight line, in the upper third of the germitest paper already moisturized 2.5 times the mass of the dry substrate, with four replicates of each field experimental unit placed in Biochemical Oxigen Demand (BOD) chamber at 25 °C. On the eighth day, measurement of shoot and root were performed using a graduated ruler, with results expressed in centimeters (cm).
The dry mass of seedlings (DM) was determined by sampling ten normal seedlings per experimental unit, being used those from the seedling length test. Measurements were performed eight days after sowing, and seedling were subjected to forced ventilation at 80 °C during 24 h (Nakagawa, 1999) , with results expressed in grams (g).
The emergence at field (EF) was obtained by means of 400 seeds arranged in four experimental units of 100 seeds, which were sown in rows spaced 0.50 m at depth of four centimeters. After 10 days of sowing, percentage of emerged seedlings (%) was proceeded.
The data were submitted to analysis of variance at 5% of probability, verifying the homogeneity (Shapiro and Wilk, 1965) , homoscedasticity of residual variances Bartllet and additivity model (Ramalho et al., 2012) . Afterwards, it was performed the univariate analysis for the measured traits with purpose of identifying significant interaction between growing environments x soybean genotypes at 5% of probability. By identifying that all characters presented significant interaction, it was possible to employ a multivariate approach to define a unique tendency of estimates. Therefore, a multivariate index of vigor was developed based on the ratio between the values observed in each experimental unit weighted by their respective standard deviations.
The variance components and genetic parameters were estimated together to identify the specific contributions of each source of variation and treatment levels for the effects of the seed production environment (Carvalho et al., 2017b) , which are: genotypic variance (GV), variance referring to genotypes x environments interaction (VINT), phenotypic variance (FV), heritability with broad sense (H²) and genotypic correlation between the environments (rG) (Cruz et al., 2014) .
This index was composed by percentage of germinated seeds (PG), first germination counting (FC), length of aerial part (LA), length of radicle (LR), dry mass of seedlings (DM) and emergence at field (EF), based on the following equation:
Where: Iv: corresponds to the multivariate index of vigor for soybean seeds; PG ijk : defined as the observed value for the i th genotype in the j th production environment arranged in the k th block for the trait first germination counting; FC ijk : defined as the value observed for the i th genotype in the j th production environment arranged in the k th block for percentage of germinated seeds; LA ijk : defined as the observed value for the i th genotype in the j th production environment arranged in the k th block for dry mass of seedlings; LR ijk : defined as the value observed for the i th genotype in the j th production environment arranged in the k th block for the trait length of aerial part; DM ijk : length of radicle and EF ijk : defined as the observed value for the i th genotype in the j th production environment arranged in the k th block for the trait emergence at field. S PG : corresponds to the standard deviation of the PG trait; S FC : corresponds to the standard deviation of FC; S LA : corresponds to the standard deviation of the LA trait; S LR : corresponds to the standard deviation of the LR trait; S DM : corresponds to the standard deviation of the trait DM; S CF : corresponds to the standard deviation of the trait CF.
After the index´s elaboration, it was submitted to analysis of variance at 5% of probability in order to identify the interaction between growing environments x soybean genotypes. When identifying the significance of the interaction, it was proceeded the multivariate method Genotype Main Effects and Genotype Environment Interaction (GGE) biplot in order to estimate and identify the adaptability and stability of the multivariate index of vigor, according to the model:
Y ij − μ − β j = λ 1 ξ 1j n 1j + λ 2 ξ 2j n 2j + ε ij Where: Y ij : represents the expected magnitude of the multivariate index of vigor referring to the i th genotype grown in the j th seed production environment; μ: corresponds to the general mean of the multivariate observations of the vigor index (Y ij ); β j : evidenced as the main effect attributed to the j th seed production environment; λ 1 and λ 2 : correspond to principal (PC I) and secondary (PC II) scores determinants for graphic expression through the main biplot components; ξ 1j and ξ 2j : are shown as the eigenvectors representing the i th genotype corresponding to the abscissa axes of PC I and PC II; ε ij : expresses the unadjusted residual fraction of the stochastic statistical model.
Result and Discussion
The analysis of variance revealed significance at 5% of probability for interaction between seed crop environments and soybean genotypes for first germination counting (FC), percentage of germinated seeds (PG), seedling dry mass (DM), Soybean seed vigor multivariate index length of aerial part (LA), length of radicle (LR), emergence at field (FE), and multivariate index of soybean vigor (IV), demonstrating the possibility of using adaptability and stability estimates of soybean genotypes for environments.
The components of variance obtained (Table 2) , indicated that the genotypic variance (GV) was responsible for 13.5% of the expression of the vigor index. The variance referring to genotype x environment interaction (VINT) was responsible for 68.4% of the index expression, of which 19.7% were attributed to genetic effects. The environmental effect on the vigor index of soybean seeds (H2) was 86.5%, evidencing the great effect of the environment on the physiological quality of soybean seeds. Szareski et al. (2017) , evaluating the physiological quality of seeds in different environments, similarly verified that the environment was responsible for more than 60% of the expression of seed vigor index.
Stratifying environments through the relative contribution of sums of squares (Carvalho et al., 2017b) , verified that the environments Tenente Portela -RS (10.3%), Santa Rosa -RS (4.0%), Pelotas -RS (2.0%), Campos Borges -RS (2.0%) and Sarandi -RS were, respectively, the ones that showed the most genetic influence. The genetic correlation (Rg) of genotype performance among seed production environments (0.16), allows us to identify that the nature of the interaction was complex, culminating in difficulties in the selection and positioning of genotypes in relation to the environments tested for this traits ( Table 2) .
The production of soybean seeds of high performance is an expensive task, since it requires high technology by the seed producers, and specific environmental conditions, especially regarding temperature and air relative humidity after the physiological maturity. At this point, seeds are disconnected from the mother plant and await the harvest, being exposed to environmental conditions that can often be unfavorable to their physiological quality, and present great variation between seed production fields (Peske et al., 2012; Szareski et al., 2018b; Rigo et al., 2018) .
The use of Genotype Main Effects and Genotype Environment Interaction (GGE) applied to the multitrait index of vigor allowed a general explanation of the equivalent statistical model standard fraction (PCI: 56.92% and PCII: 18.51%) of 75.43% (Figure 2) . It is possible to accurately represent the differential effects of soybean genotypes (G) x seed production environments (E) interaction. The Santa Rosa -RS environment (E1) is closely associated to the genotypes A 6411 RG (G12) and BMX Magna RR (G11). For the intrinsic conditions of Pelotas -RS (E5), it was verified the peculiarity of the genotypes AMS Tibagi RR (G10) and TMG 7161 RR (G20). In this context, it is proved that the inferences obtained reveal genotypes with potential to be indicated for their specific adaptability.
When referring to the stratification of seed production environments (Figure 3) , the standard fraction of the statistical model was represented by an explicability (PCI: 66.02% and PC II: 16.42) of 82%. In these conditions, it is determined that the environments Santa Rosa -RS (E1) and Sarandi -RS (E4) are associated. It evidences similar edaphoclimatic characteristics, directly reflecting the simultaneous increase of physiological potential of seeds produced in both conditions. These inferences are proven through the trends of soybean seed vigor multivariate index.
The environments of Pelotas -RS (E5), Tenente Portela-RS (E2) and Campos Borges -RS (E3) are dissimilar for the multivariate tendencies of seed vigor. It defines the possibility of these environments be the cause of distortions and abrupt variations of interaction effects. Thus, it is necessary that inferences taken for these conditions the cautious in order to minimize errors in the strategic positioning of soybean genotypes among seed production quality environments fields for high vigor. 
Relationship among enviroments
Regarding the joint interpretation of differential additive effects attributed to genotypes and environments, as well as the multiplicative effects of genotype x environment interactions (G + E + (G x E), it was possible to visualize the best specific performance of genotypes and environments, interconnecting the scores attributed to variation factors from the model and representing them through a biplot graph (Figure 4) , with the formation of a relative polygon which expresses the maximum performance attributed to the tested genotype (Yan and Kang, 2003; Yan and Tinker, 2006) . Also, the polygon vertices determine the best genotype for each seed production environment (Alwala et al., 2010) .
Under these conditions, the multivariate index of soybean seed vigor showed explanation of (PCI: 66.02% e PCII: 16.42%) 82% of the model, being possible to identify the formation of only one macro environment, which was composed by Santa Rosa -RS environments (E1) and Tenente Portela -RS (E2). However, the environments of Campos Borges -RS (E3), Sarandi -RS (E4) and Pelotas -RS (E5) did not form macro environments.
Therefore, when a genotype is located inside the macro environment, it is considered as of specific adaptability for those growing conditions (Yan and Kang, 2003) . The definition of macro environment is attributed through the relation between edaphoclimatic characteristics, managements and similar response of the genotype to variations imposed by the environment (Woyann et al., 2018) . The macro environment corresponding to environments of Santa Rosa -RS (E1) and Tenente Portela -RS (E2) defined that the genotypes BRS Tordilha RR (G1), Fepagro 36 RR (G5), FPS Netuno RR (G6), FPS Júpiter RR (G9), BMX Magna RR (G11) and A 6411 RG (G12) are of specific adaptability to this macro environment. Therefore, under these conditions, it is possible to increase the physiological potential of seeds through the use of the genotype BMX Magna RR (G11) due to its high performance for the multivariate seed vigor index.
Regarding the environment of Pelotas -RS (E5), the production of high performance seeds can be obtained through the genotypes AMS Tibagi RR (G10), BMX Potência RR (G14) and TMG 7161 RR (G20), being these genotypes considered of specific adaptability to this situation. Under these conditions, the genotypes AMS Tibagi RR (G10) and TMG 7161 RR (G20) are classified as of high vigor. The environment of Sarandi -RS (E4) expresses high performance for seed vigor index, where it was possible to define that the genotype FPS Solimões RR (G4), FPS Iguaçu RR (G7), BMX Apolo RR (G13), BMX Alvo RR (G15), Roos Camino RR (G16) and BMX Ativa RR (G17) were considered specific for those growing conditions, however, in this environment no genotype was considered of high physiological performance. For Campos Borges -RS (E3), the genotypes FPS Paranapanema RR (G2), FPS Urano RR (G8), NA 5909 RG (G18) and BMX Turbo RR (G19) were indicated for the intrinsic conditions of this environment, as well as high physiological performance was attributed by the multitrait approach for genotype NA 5909 RG (G18). Contradictory results were expressed through the genotype Fepagro 37 RR (G3), as it was not associated with any of the tested environments. Therefore, five genotypes were necessary to define the polygon referring to high vigor potential, attributing high performance for the genotypes Fepagro 37 RR (G3), AMS Tibagi (G10), BMX Magna RR (G11), NA 5909 RG (G18) and TMG 7161 RR (G20).
In order to identify and discriminate genotypes for mean effects of seed production environments ( Figure 5 ), the differential effects of multivariate vigor index interaction were represented (PC I: 67.11% and PC II: 10.88 %) by 77.99%. Therefore, the behavior of soybean multivariate index for seed vigor through genotypes FPS Urano RR (G8), BMX Apolo RR (G13), BMX Potência RR (G14) and NA 5909 RG (G18) are closer to the data origin, evidencing that these treatment levels (these genotypes) contribute minimally to the differential effects of soybean genotypes x seed production environments interaction. Similarity was observed among the genotypes FPS Solimões RR (G4), Fepagro 36 RR (G5), FPS Jupiter RR (G9), AMS Tibagi RR (G10), BMX Alvo RR (G15) and BMX Ativa RR (G17), being them closely related to the performance of the environment Pelotas -RS (E5).
The multivariate definitions indicate that the genotype A 6411 RG (G12) is defined as the one closest to the ideotype in the tested environments, and along with the genotype TMG 7161 RR (G20) are related to the environment of Sarandi -RS (E4). For Campos Borges -RS (E3) the genotypes BRS Tordilha RR (G1) and Fepagro 36 RR (G5) are defined as similar, being them of determined growth habit. Discrepant physiological performances were expressed through the genotypes BMX Magna RR (G11) and Tenente Portela -RS (E2), which showed abrupt changes in the multivariate index of vigor, dissociating from the other levels of treatment attributed to the variation factors of soybean genotypes and growing environments. The estimates of phenotypic stability reflect the ability to predict results in the next season that is, it indicates the response predictability of a given genotype in those previously defined favorable or unfavorable growing conditions. These estimates showed that ( Figure 6 ) the method allowed to represent 61.22% (PC I: 41.12% and PC II: 20.10%) of the interaction effects through the standard fraction of the data. Thus, the ideal genotype was weighted by the general average of all environments perpendicularly to the largest magnitudes of each environment deviation, where the genotype BRS Tordilha RR (G1) was listed as presenting excellent stability and predictability for the multivariate index of vigor. The genotypes BMX Magna RR (G11), FPS Jupiter RR (G9), BMX Potência RR (G14) and FPS Netuno RR (G6) were stable with high predictability in relation to the general scope of tested environments.
The genotype Fepagro 37 RR (G3) revealed instability for the tested environments, as well as the environments Campos Borges -RS (E3) and Pelotas -RS (E5) were considered unstable for the multitrait approach of soybean seed vigor. The genotypes FPS Iguaçu RR (G7), FPS Solimões RR (G4), Fepagro 36 RR (G5), Roos Camino RR (G16), BMX Ativa RR (G17) and BMX Alvo RR (G15) were stable, however with low expressivity for the multivariate index.
The Genotype Main Effects and Genotype Environment Interaction (GGE) method applied in function of the seed vigor multivariate index allows to explain more than 75% of adaptability and stability estimates. The results and multivariate tendencies obtained in this study are essential for defining the effects of genotype x environment interaction on the strategic positioning of soybean genotypes for high performance of seed quality.
Conclusions
The seed production environments of Tenente Portela -RS and Santa Rosa -RS soybeans are characterized as the environments that express the highest magnitude for seed vigor index, however biometrically Sarandi -RS has been defined as the optimal environment for the production of high vigor seeds according to the tested genotypes. High seed vigor index were expressed for the genotypes TMG 7161 RR, AMS Tibagi RR, BMX Magna RR, Fepagro 37 RR and NA 5909 RG.
The differential effects of the genotypes x production environments interaction of soybean seeds influenced by more than 68% the vigor index of the seeds produced.
